new inputs from abroad. However, international linkages remain essential to sustain innovation, not only because they introduce new knowledge into the firm, but also because a developing country firm typically lacks a large enough local skills base to fully support its knowledge creating efforts. Moreover, the nature of international linkages changes over time. They evolve from predominantly individual to predominantly institutional linkages, and from primarily arm's length interactions with other for-profit entities (for example, consultants or other firms) to include interaction with foreign public research institutes.
The positive role of international business connections in enabling technological and economic development has been known since at least the early work of Dunning. 2 Such connections can be primarily internalised through alliances or the entry of multinational corporations or externalised through franchising or licensing, 3 and can even take place through the flow of people. 4 However the connections take place, the contact with the managerial and technological innovations of the foreign partner helps to accelerate local technological development.
Even though the absence of international linkages can hamstring development, the presence of such linkages is worth little with-tors are discussed as physical evidence of the firm's ability and effectiveness in transforming coal into fuels and chemicals. Secondly, Sasol's scientific publications and patenting are interpreted as evidence of advances in its underlying science base. Finally, the discussion is contextualised by using newspaper articles, company publications and annual reports from 1957 onwards to highlight the economic, socio-political and technical drivers in the evolution of Sasol.
FIVE ERAS
Sasol's history can be divided into five stages (see Table 1 ), initially corresponding to the development of different plants, and only in the last period, to an international acquisition. Given the significant investment in human and financial resources required to develop a plant, these plants embody not only the most advanced technology of the firm at the time, but also punctuate Sasol's history. Recognising that technology development is an ongoing evolutionary process, and that important milestones are also found outside individual stages, 6 analyses of average journal impact factors (see Table 2 ) and forward citations of Sasol patents 7 (see Table 3 ) nonetheless suggest that there were meaningful differences in Sasol's technological expertise in the different stages. Scientific publication took off only in the Secunda stage, Research Policy, 32, 2003 , pp 1343 and after a dip in quality (not volume) of publications in the immediate post-Apartheid years, the quality of scientific output improved during the SPD and globalisation stages. The statistically significant difference in the forward citations of patents from the pre-and post-SPD stages (see Table 3 ) suggests an acceleration of technological development during the 1990s. 8 __________ 8. This point is also made by Verhoef. The first stage of Synthol is the longest and spans a quarter century. It was characterised by an incremental process of transferring and integrating foreign expertise and is best described as an incubation period for Sasol. The decade-long second stage (Secunda) reflects the consolidation and replication of technology. The development of substantially new technology only occurred in the third stage, SAS. The SAS stage took place during the turbulent last years of Apartheid and was characterised by intense efforts to make sure that Sasol limited the negative consequences of the economic and academic isolation of that period on its technology development. The subsequent SPD period coincided with political normalisation, when Sasol not only migrated into higher value-added product but also devoted considerable efforts to (re-)establish international contacts in terms of both technology development and markets. With the Condea acquisition in 2001, the globalisation stage, Sasol became a fullyfledged, albeit small, multinational corporation. The subsequent sections detail the role of both foreigners and local management in the different steps in this evolution.
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The Synthol stage: ± 1950-1976
Foreign technology was central to the founding of Sasol. Because there was no local expertise available, a number of German (from the Aktiengesellschaft and Lurgi Gesellschaft fur Warmetechnik) and American (from MW Kellogg Corp.) technicians and engineers came to SA to commission the units. Indeed, early annual reports refer to the High and the Low Temperature Fischer Tropsch processes as the "American" and "German" syn-theses respectively, reflecting the strong association with the foreign suppliers of the technology. 9
However, problems were experienced not only during commissioning, but also in realising the full production potential of the Kellogg design. Researchers from Germany, Great Britain and USA were consulted, contractors from MW Kellogg brought in to assist, and an American expert "of world repute on catalysis" hired as a consultant. 10 Recognising that the foreign experts were not able to solve the problem, in 1957 the engineers and scientists at Sasol decided to take over responsibility for the American unit. They made significant changes to the original Kellogg design, which resulted in the proprietary Sasol Synthol circulating fluidised bed reactor technology. 11
This also triggered the founding of a formal R&D department in 1958, ending the practice of conducting ad hoc research at external laboratories. Sasol developed local capacity not only in terms of R&D, but also established internal colleges offering training in mechanical and electrical engineering and the use of industrial equipment and laboratory skills. A government-supported technical training college was also opened in Sasolburg in 1959, reflecting Sasol's extensive need for skilled employees. 12 As the discussion of the subsequent stages also shows, the challenges in getting skilled personnel are a leitmotif in Sasol's history and an important explanation for the significant role of foreigners. Report, 1960 By 1959, Sasol fuel was sold across South Africa, and chemicals were exported to countries like Great Britain, Germany, the Netherlands, USA, Canada, Australia and New Zealand. In 1960 Sasol realised its first profit and demand had grown to such an extent that expansion was required. By then local technological capacity had expanded to the extent that two-thirds of the costs of expansion were in South African rand, compared to the initial commissioning which was quoted entirely in British pounds. 13 In 1971 an inland petroleum refinery, Natref, was constructed as a joint venture between Sasol (52,5%), Total (30%) and the National Iranian Oil Company (17,5%). 14 In the same year, Sasol became a consultant on gasifying lignite to a company in North Dakota in the USA in what has been described as the first international recognition of Sasol's expertise in gasification technology. 15 Sasol drew extensively on international networks to develop the skills of its own people: senior employees were sent abroad on a regular basis to gain knowledge, chemical engineers and draughtsmen were sent for training to the US and Great Britain, and in 1964 Sasol offered one of the first internationally recognised management training courses in South Africa. During this period, Sasol had access to international knowledge networks as and when needed, but Sasol's strong national orientation is reflected in the fact that most internal reports and research reports (except when written by or for foreigners) were written in Afrikaans. 16 laid the foundation of Sasol and the company often sought the advice of a range of foreign consultants. Although they were affiliated to institutions, Sasol tended to highlight the contribution of individuals rather than institutions, from Franz Fischer to the "world expert" on catalyst technology. Sasol was fundamentally nationalist in its orientation, and focused its efforts on transplanting the foreign technology to South Africa: the firm deepened its understanding of the FT process. The basic structure of the organisation (eg the plants, R&D department, and technical training) was established. Although skills shortages were (and remained in later eras) significant, a critical mass of people with the capacity to manage Sasol was developed. Indeed, the main concern and main achievement of Sasol during the first stage was to take root in South African soil.
__________
The Secunda stage: ±1976-1985
In 1974 the government announced that the Sasol Synthol technology that had been successfully commercialised at Sasolburg would be expanded fourfold for the Sasol II plant. The plant would be based in a newly proclaimed town, Secunda (after the Latin word for "second"). Although subsequent reports claim that the chairman, Dr Rousseau, was concerned whether there were adequate research skills to execute the decision, 19 he defended the secrecy surrounding the decision by stating in the annual report: "We always knew SA would need more oil-fromcoal capacity and we wanted to be ready to meet the challenge". 20 In 1978, after the deposition of the Shah of Iran, __________ 19. Reported in an anonymous article, "40 years of Sasol, 1950 -1990 ", Sasol News, 3, 1990 . 20. Sasol Annual Report, 1974 Managing the inadequate human resource base soon proved to be a significant challenge, and improving local skills became a major concern. After productivity at Sasol I declined by 8,6 per cent in 1978 because of the combined effects of the loss of expertise to Sasol II and demotivation of the remaining workforce, the corporation defined its main task in 1980 as the restoration of full operational and technical competence at Sasol I. 21 By the end of that year, R29m had been spent on training operations personnel. 22 In addition to the redeployment of skilled personnel from Sasol I, nearly 10 000 unskilled labourers were trained as __________ 21. Ibid, 1979 22. Ibid, 1980 fully skilled and many thousands more as semi-skilled workers for Sasol II. The cost of training was expected to exceed R63m by 1983, representing almost five per cent of the annual turnover of R1 500m for that year. 23 Around the mid-1970s Sasol started to formally publicize its newly developed knowledge. One of Sasol's first journal publications was written in 1976 by German researchers Dressler and Uhde and appeared in German in Fette, Seifen, Anstrichm. A total of 53 papers were published in journals with an average impact factor of 0,44 (see Table 2 ) and 31 patents were filed over the Secunda period (Table 4) . About half of the patents were filed abroad, mainly Europe although in certain cases also in North America and Australia, and research was published equally in local and international outlets. Collaborations with foreign partners, mainly firms from the USA and Germany, generated 10 papers. However, the milestones during this stage were not technological. Indeed, the rather low number of patents filed in the early 1980s reflected a somewhat inward-looking policy of technology development. The steps taken to fund Sasol's ambitious expansion represented the major achievement of this second stage.
Substantial demands were made of Sasol -a type of 'crisis construction' 24 that resulted in extensive organisational learning; but whereas internationalisation played a central role in the South Korean crisis construction and learning process documented by Kim, the crisis prompting Sasol's learning was a deepening local
24. L. Kim, "Crisis construction and organizational learning: Capability building in catching-up at Hyundai Motor Corporation", Organization Science, 9, 1998 orientation. And whereas the internationalisation of Hyundai resulted in an upgrading of capabilities, the outcome of learning at Sasol at this stage was the consolidation of existing local operating capacity. Because technology development projects tend to have long time frames, with a number of ongoing initiatives, the expansion forced Sasol to shift its main focus from creating new knowledge to expanding the application of existing knowledgea set of choices that carried important implications in the next stage.
The SAS TM stage: ±1986-1990
In 1987, amid considerable political turbulence, the South African government decided to expand further the fuel self-sufficiency of South Africa by developing Mossgas, a natural gas exploration and conversion project, based on the Fischer-Tropsch technology. Mossgas provided a local market for Sasol's knowhow -for example Sasol's Synthol technology was licensed to Mossgas for the conversion of natural gas into liquid fuels -but also siphoned off some of the scarce petrochemical research skills in South Africa. 25 The difficulty of procuring technology for recovery and upgrading increasingly required in-house technology development. 26 Verhoef has documented the impressive achievements of the small coterie of Sasol researchers, 27 including an improved cata-__________ 25. Documented in "SA50L, Sasol 50th birthday special edition", a supplement to the Financial Mail, 22, September 2000 . 26. Sasol Annual Report, 1990 lyst that led to a substantial increase in the production of hard wax and the world class polypropylene and propylene plants. Sasol also did extensive research into a conventional fluidised bed reactors and commissioned a 100 bbl demo reactor in 1983, followed by that of the first commercial scale SAS TM (Sasol Advanced Synthol) reactor (3 500 bbl/day) in 1989. The new generation HTFT SAS TM reactors afforded lower capital cost, increased flexibility and lower operating costs. R&D also made great strides with anode coke produced from pitch and the production of better fuels. 28 These developments continued to require greater research capacity than Sasol possessed, despite local capacity development programs through bursary schemes. Sasol relied on foreign collaborations to help achieve its ambitious technology development goals. For example, Sasol leveraged its relationship with Badger/Raytheon in US for the development of SFFB reactors, and ultimately the commercial development of the HTFT SAS TM reactors. 29 Sasol was maturing into a company that was technologically able both to contribute to and benefit from being a fully-fledged participant in the global knowledge creation processes in its industry. Indeed, Sasol was involved in a number of ongoing initiatives for which access to foreign expertise was essential. The joint filing of patents in the field of gasification technology by teams of German and South African experts from the Sasol Lurgi joint venture bears witness to this (see Western Europe original patent filings in Table 4, [1986] [1987] [1988] [1989] [1990] Faced with potential exclusion from knowledge creation networks because of a lack of political legitimacy, Sasol sought to increase its perceived technological legitimacy in those networks. In response to the creation of Mossgas, Sasol had already accelerated patenting to more effectively support knowledge exchanges in the emerging South African petrochemical industry. Sasol accordingly increased the number of local patent filings and extended its list of country filings abroad (see Table 4 ), and published articles in more influential journals (Table 2 ). Yet, as is evident from Table 7 , the number of official collaborations declined sharply reduced. Although the political context made it virtually impossible to enter into official academic international collaborations, Sasol accelerated global patenting and scientific publishing in order to maintain informal relationships and thus visibility in the wider scientific world.. Sasol's response highlights the importance of patenting and scientific publication as signalling devices: by disclosing some of its most interesting research results to the research community, Sasol was able to remain visible in that community. However, its position was based on individual rather than on institutional connections. The case of R.W. Silverman from Raytheon who first co-authored papers with Sasol researchers in 1986 is illustrative. After 1986 there is no evidence of collaboration between Silverman and Sasol researchers, until 1997, shortly after institutional relationships between Sasol and Raytheon were restored. Much as researchers work within the context of institutional re-lationships, collaboration takes place between individuals and individual relationships were especially important when institutional collaborations were not possible. However, Sasol was not able to escape a loss of momentum in its knowledge creation processes, as became clear in the period immediately following the turbulent 1980s. After the Secunda stage, when Sasol had consolidated its technological capacity, the firm needed access to a much wider range of sources of expertise in order to accelerate its technological development. South Africa simply lacked the type and extent of resources Sasol needed to sustain its growth. Sasol did what it could to access those resources internationally, and its actions demonstrate how firms can use their own knowledge bases as "bargaining chips" to get access to the knowledge of others. Contact with individuals -the visits of Fischer and various consultants from Germany and the US -was adequate in the initial phase of developing Sasol, but in the SAS stage the need for more comprehensive institutional contact with foreigners was required. Ironically because Sasol was much larger and technologically more developed, the inputs of individual experts were no longer adequate. Rather, larger-scale institutional interaction with foreign entities was needed.
The SPD TM stage: ±1991-2000
Prior research demonstrates that the capacity base of firms evolves through a constant interplay between the firm's own capacity and inputs from other sources. 30 local capacity or foreign linkages can be expected to affect the other, but because both local expertise and foreign connections develop over time, the effects of changes will probably not be immediately felt. The case of Sasol demonstrates how local relative to international expertise was affected differently by the introduction and then, after the release of Nelson Mandela in 1991 and subsequent political transformation, the lifting of economic and intellectual sanctions. Projects using the local capacity base proved to be much more stable than those requiring foreign inputs. The portfolio of patents, scientific publications and ultimately the turnover of the corporation (Figure 1 ) provide clear evidence of organisational evolution in local production and R&D capacity, with advances in Sasol's core technologies over decades finally culminating in a range of commercially viable project options.
The Sasol Slurry Phase Distillate (SPD TM ) process was developed during the mid-1980s on a small bench scale at R&D and scaled up to pilot plant size. 31 In 1990 a one meter demonstration unit was developed and in 1993 the commercial SPD was commissioned. The SPD TM reactor has approximately six times the capacity of the old German Arge reactors and greater than 98 per cent online availability was achieved in the first year of operation. 32 Sasol was able to draw on a depth of local expertise developed over decades to successfully carry through a long-standing project.
In 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 Turnover ( ) Rm   0  200  400  600  800  1000 1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 performing Kellogg reactor, and the Synthol plant embodied almost the entire in-house technological capacity of Sasol at the time. In contrast, the SPD TM process was developed over three stages -the Secunda, SAS TM and SPD TM -and also reflected only part of Sasol's technological capabilities. Because it has long been known that the evolution of firms is characterised by technological diversification, 33 the Sasol trajectory is therefore typical. What is different in Sasol's evolution compared to that of the standard multinationals is that the rest of the world had little awareness of most of Sasol's capacity development, first because of Sasol's nationalist, inward-looking orientation, and then because of political sanctions. The apparent meteoric rise of Sasol reflects more a rise in awareness than in capabilities! In interpreting the rise of multinationals from previously isolationist countries, it is worth considering whether there is a prior history of hidden capability development.
Mainly as a result of the success of the SAS TM and SPD TM processes, the 1990's heralded a change in strategy, with the announcement of diversification into higher value chemicals. 34 These included an n-butanol plant, an anode coke plant and an ethylene recovery plant expansion at Secunda, as well as the full commissioning of propylene and polypropylene plants in Secunda. Both the migration into higher value products 35 nuanced interplay between strategy and a firm's capabilities 36 are associated with technologically more mature companies. The investment in training and R&D locally had clearly resulted in a sufficiently deep local capacity base at Sasol to sustain innovation.
However, the disruption and in some cases severing of relationships with foreigners had an immediate negative effect. In spite of the re-entry of South Africa into the global economy, the lingering effects of the isolation are evident from the low impact factor of journals in which Sasol published during this time (see Table 2 ), and the difficulties experienced in (re-)establishing collaborative research relationships. The negative effects of the lack of international relationships may in time have limited further technological advance, but Sasol moved swiftly to restore international connections.
Recognising the urgency of this and the need for institutional rather than individual linkages, Sasol put a high priority on international joint ventures. These included a joint venture with the German firm Schumann in 1995 (now Sasol Wax) and the merger of Sasol Phenolics with the US-based Merichem to form Merisol in 1997. The impact of both of these ventures on the patent portfolio of Sasol in terms of acquiring access to technology and markets and sources of future innovation can be seen in drive to diversify and expand its international portfolio of higher-value chemicals. The Condea acquisition had an immediate effect on Sasol's turnover (Figure 1 ), while Sasol also gained access to Condea's R&D laboratories and patent portfolio, dramatically expanding its technological reach (See Figure 2) . Figure 2 also depicts the location of the assignees of the patents following the integration of Sasol Chemie, and the formation of Sasol Germany, Sasol Italy and Sasol North America. Germany and the USA were especially important sources of new patents for Sasol. Table 7 . The breadth of the portfolio of both patents and scientific publications suggests that globalisation triggered not only a greater global spread of R&D facilities, but also accelerated technology development.
Sasol also finally managed to enter into a variety of relationships with foreign public research institutions. In the case of for-profit entities, the rationale for and mode of entering into collaborative partnerships is quite clear: the goal of both parties was to maximise profit, and typically one party exchanged some payment in return for some new knowledge, for example direct project assistance or the right to use certain patents. By contrast, a central goal of public research institutions is to enhance their research status by doing "interesting" research. In practice this means that universities or public research institutions are more likely to collaborate with firms that they perceive as able to contribute to their own status. 38 For this reason, only firms that have established their credibility in the knowledge networks in their field are likely to enter into collaborations with public research institutions, even though the firm may also make a substantial financial contribution to the university, through the development of laboratories and the funding of post-graduate students.
Only during this period of globalisation after 2001 did Sasol achieve that level of credibility in terms of its research standing.
Recognising its limited awareness of the global research landscape, Sasol constituted the Homogeneous Catalysis Advisory Board in 2000, following the appointment of Dr Mike Green, formerly from BP. He accessed his network of international experts to obtain advice and guidance on setting up a research group to focus on the selective formation of high-value chemicals. No such competency existed in SA at the time and there was a lack of confidence in local ability to establish such a world-class research group. The Advisory Board met four times annually with the brief to assist in knowledge transfer, competency development, establishing international networks, recruitment, training, and the technical auditing of research programmes. The board was also active in helping to establish local groups before being disbanded in 2003, having completed its original remit of helping to create a new research group. 
CONCLUSION
Although the notions of path dependency and firm evolution have been key theories of business since the work of Edith Penrose, 51 business research is still dominated by cross-sectional studies. Indeed, Jones and Khanna argue that one of the major gains of a historical perspective is that researchers can follow the evolution of a firm over time. 52 The history of Sasol reveals similarities to a small number of other developing country firms that rely heavily on advances in the underlying science base, for example the Brazilian aerospace firm Embraer 53 and electronics firm Samsung from South Korea. 54 Some of the themes of research on those firms recur in the case on Sasol: the importance of local capability development, the importance of an inflow of foreign knowledge, the fact that foreign knowledge is embodied in a variety of different sources, and the changing relative importance of these different sources over different periods in the evolution of the firm.
This article also identifies important nuances in the playing out of those broad themes. The first is around the purpose of local versus international knowledge creation. The importance of a firm's own efforts at local capacity development is confirmed. Indeed, evidence supports the notion that they increase the "absorptive capacity" 55 of the firm: by investing in its own capability development, a firm can better benefit from the knowledge of its foreign partners. Although local and foreign knowledge coevolve, the roles of these two types of knowledge creation are quite different. The knowledge that had already been assimilated into the routines of the firm 56 continued to develop, even during politically and economically disrupted eras. In contrast, the departure of foreign partners had an almost immediate negative effect on the creation of completely new areas of knowledge. This occurred not only because it takes time for foreign knowledge to be absorbed into the local capacity base, but because foreign partners are sometimes also used to supplement inadequate local capacity. Especially in the case of developing country firms, foreign partners may be used to help the firm to achieve the goals that it would otherwise not be able to achieve. The evidence from the Sasol case also highlights the need for pinpointing the specific types of foreign linkages, as there is a clear evolution in the types of foreign partners consulted. In the initial period, the most important contributions were made by foreign individuals operating without explicit reference to an institutional home. It seems that in order to have meaningful institution-to-institution interaction, the firm receiving the knowledge needs to be sufficiently strong organisationally. Although the young Sasol did not yet have a strong institutional infrastructure, there were a number of talented people working at the firm. They were able to engage meaningfully with the experts and consultants brought to South Africa. However, once an institutional infrastructure is in place, collaborations seem to be more productive if they take place between two institutions. This allows both organisations to appropriately support and resource the interaction. By the mid-1980s, Sasol had already developed a substantial indigenous knowledge base. It was able to remain a participant in the knowledge creation networks by disclosing its capabilities at conferences and in publications. Sasol researchers were able to develop interpersonal relationships with foreign participants in the field, but because of economic sanctions and the academic boycott, institutional interaction was not possible. This had a clear negative effect on the creation of new knowledge.
In addition to the evolution from individualised to institutional foreign linkages, there is also an evolution from interaction with only private, for-profit entities to interaction with public, not-forprofit knowledge bodies. The limitations of a market transactionbased approach within the context of knowledge acquisition are well understood 57 and form some of the central arguments why Studies, 24, 1992 less developed countries stand to benefit from investment by leading multinationals. 58 However, the transaction-based exchange of knowledge is an accessible -if not optimal -mechanism for upgrading. The Sasol case demonstrates that a firm's initial international linkages are with other for-profit entities: at first they procured knowledge from individual consultants and then by collaborating with and acquiring other firms.
Sasol's interaction with public research institutions started only in its fifth stage after 2001. Universities and research institutions are motivated primarily by the desire to enhance their status as creators of new knowledge. When interacting with foreign firms, such institutions look for partners with a proven track record in research that offer potentially productive research avenues. In addition to being an important resource for future technological development, the involvement of a foreign public research institution also reflects the achievement of a significant level of expertise on the part of the foreign firm.
In contrast to foreign partners that served as sources of new knowledge and expertise, the evidence from the Sasol case suggests that an important contribution of local capacity development was to increase the resilience of the firm in the face of sudden environmental changes. Because routines are self-reinforcing, they can inhibit a response to changing conditions. 59 In ad-__________ vanced economies, this is typically interpreted as one of the negative characteristics of routines, but it is important to remember that developing countries have constantly to deal with political, institutional and economic instability. For developing country firms confronted with environmental shocks, the benefits of the relative predictability of routines may be greater than the risk of "lock-in" into a given technological or market trajectory.
The case of Sasol reconfirms the importance of both local capacity development and foreign inputs in the evolution of a modern science-based firm. By tracking the firm from its founding through increasingly isolationist periods to the current day, it is possible to better understand the nature and role of foreign relative to local knowledge creation. It cannot of course be claimed that upgrading in the current, far more globalised stage will take place in a similar way. There are the effects of the changes in the world environment since 1950. Sasol's development has not been driven only by South Africa-specific and Sasol-specific evolution and change, but also by the increasing imperative for internationalisation and international connections over the course of the period. This article examines some of the logic underlying the patterns of change observed in Sasol and helps to understand how and why foreign linkages are so important to developing country firms.
*** * ***
